Expertise: a double-edged sword
Expertise, or reaching an outstanding level of skill in one domain, is typically the result of thousands of hours of practice in the given domain. And while the path to expertise is commonly multi-faceted, it is nearly always the case that some degree of automatization of function can be found at the heart of expert level performance. Such automatization allows what were initially complex and cognitively demanding sequences of actions or thoughts to be executed automatically with minimal effort and/or cognitive load. This not only serves to produce actions or thoughts that are fast and accurate, but critically, releases limited cognitive resources for alternative tasks. For example, a novice who is first learning to drive a manual transmission car may need to expend considerable cognitive effort determining what pedal to press, which direction to move the shift knob, among others. This in turn leaves no resources free for conversing with the front seat passenger or following a map. Conversely, in an expert driver, basic driving functions have been largely automatized and cognitive resources are thus available to complete these additional tasks.
However, while there is clear value to automatizing function, it has long been accepted that automatization also comes at a cost [1, 2] . In particular, by repeating the same task over and over, experts may develop skills that are so task-specific that they lack the flexibility to adapt to alterations in the automatized tasks and sub-tasks [3] [4] [5] [6] [7] . For example, the performance of skilled typists plummets when certain seemingly minor changes are made in the keyboard characteristics [8] . Together, the evidence strongly supports the idea that expertise is often accompanied by the development of skills that are incredibly specific to only those precise actions/thoughts associated with skilled performance. What is less clear is whether it is possible to train individuals to become experts, not at a specific task or domain, but rather at flexibly adapting and transferring their skills and knowledge as new circumstances arise?
Training that fosters generalization -lessons from action video game play Over the past 15 years, evidence has accumulated showing that playing one particular form of video game, known as action video games (primarily what are known as firstperson or third-person shooter video games), leads to rather broad generalization, with performance enhancements noted in domains as varied as visual perception (e. g., enhanced contrast sensitivity & better peripheral detection -[9-11]), top-down attention (e.g., better change detection, reduction in attentional capture [12] [13] [14] [15] ), visuo-spatial cognition (e.g., better mental rotation; enhanced visual short-term memory [16, 17] ) and finally multi-tasking and task switching (e.g., lesser switch cost, greater ease at multi-tasking [18] [19] [20] ). In a recent metaanalysis combining the results of 73 studies and 3773 total participants, self-declared action video game players were found to outperform non-gamers by about half a standard deviation across all aspects of cognition combined. Importantly, the same trend was seen when considering only true experiments, wherein non-gamer participants were specifically trained on an action video game and any cognitive gains were contrasted against those seen in an active control group that was trained on a commercial non-action video game. Indeed, a second meta-analysis
